introduction
The available N content of soils is produced through N-mineralization, which governs the supply rate of N to plants. Fertilizer N management practices have a cumulative effect on N cycling and availability over time. Mineralized N or NH 4 + released under anaerobic incubation are significantly correlated with soil organic matter; however, both quality and quantity of organic matter clearly affect N-mineralization in wetland rice soils (Sahrawat 2006) . The greater part of N in paddy soil exists in soil organic matter. This tends to be conserved more in paddy soils than in upland soils, because of the anaerobic conditions. Microbial decomposition of the organic matter gradually releases ammonium N (NH 4 + -N).
As NH 4 + -N is stable under anaerobic conditions, it is retained as a cation on negatively charged soil mineral and organic particles, until the time when rice roots take it up. Rice plant acquires half to two-thirds of its N requirement from the soil mineralizable N pool even in a well-fertilized paddy (International Atomic Energy Agency 1978) . Thus, accurate prediction of N-mineralization is important to avoid substantial N losses either to water bodies or to the atmosphere with related potential environmental risks (Fan et al. 2005; Su et al. 2005) .
Nitrification converts the relatively immobile mineral N form ammonium (NH 4 + -N) into highly mobile nitrate (NO 3 − -N) after the application of NH 4 + -based fertilizers. The net production of NO 3 − is a key ecological process that can affect the chemistry and nutrient capital of soils. Moreover, nitrification is considered to be an indirect driver of N loss during the flooded rice growing season, because the rate of denitrification in flooded soils is controlled by the rate of nitrification (Di et al. 2009 ). Thus, nitrification inhibitor (NI) can reduce N 2 O emissions both from nitrification and denitrification of NO 3 − . An insight into the N dynamics and its related processes (N-mineralization and nitrification) provides knowledge for improving crop management to optimum nutrient use efficiency. Hence, the objectives of this study were to: (i) determine the effect of DCD with organic manure (OM) and urea on mineral-N availability, N-mineralization and net nitrification, and (ii) evaluate the N 2 O emission potential of OM used with urea and DCD from acid sulphate soil.
MAtEriAls And MEtHods
An incubation study was conducted at Analytical Laboratory-2, Department of Land Management, Universiti Putra Malaysia. Soils used this application were collected from Kampung Golok, Semerak, Kelantan, Malaysia (06°00'N, 102°23'E). Soil texture analysis was done by hydrometer method (Bouyoucos 1962) . Soil pH was determined using a 1:2.5 (soil:H 2 O) diluted soil solution using a pH meter (Accument 910, Fisher Scientific Ltd., Pittsburgh, PA, USA). The organic C in soil was measured by combustion in a LECO FP-2000 CNS (LECO Corp., MI, USA). Total C and N in the soil were measured by combustion in a TRU MAC CNS (LECO Corp., MI, USA). Available P was determined by the Bray's P1 test, using 0.03 M of NH 4 F in 0.02 M of HCl as extractant and measuring the extracted P colorimetrically at 660 nm by the molybdenum blue method (Bray and Kurtz 1945) . Exchangeable K was determined by extraction with neutral normal NH 4 OAC at soil: solution ratio, 1:10. Zinc was extracted by double acid method using 0.05 M HCl in 0.0125 M H 2 SO 4, determining by AAS. The soil physical and chemical characteristics are given in Table 1 .
Rice straw (RS), cow dung (CD) and poultry dung (PD) were used as OM. The subsample of each OM was dried in an oven at 65 °C for 48 h and then grounded by a grinding machine to pass through a 1-mesh sieve. The organic C was measured by combustion in a LECO FP-2000 CNS (LECO Corp., MI, USA). Total C, N and S were measured by combustion in a TRU MAC CNS (LECO Corp., MI, USA). Nutrient content in each OM was determined by H 2 O 2 -H 2 SO 4 digestion (Ohyama et al. 1991 ) using a Kel Plus auto N analyzer for N and P spectrophotometer for K, Ca and Mg. Concentrations of Fe, Mn, Cu and Zn were measured with an ICP-MS (Agilent 7500a). Some chemical characteristics of organic materials are given in Table 2 .
The experimental design was a two-level factorial with 4 N sources (100% N of recommended dose from urea, 75% N from urea + 25% N from RS, 75% N from urea + 25% N from CD and 75% N from urea + 25% N from PD) and two levels of NI (with and without DCD). The treatments were arranged in randomized complete block design (RCBD) with three replicates. Air-dried soil samples (75 g) were placed into 250-mL plastic containers for each input treatment. The amount of N applied through urea or urea + OM was 48 mg•kg -1 (120 kg N•ha -1 ), and DCD was added at 15% of applied N. OM (powder of RS, CD and PD), fertilizer grade triple super phosphate (11.6 mg P•kg -1 of soil or 30 kg P•ha -1 ), and muriate of potash (22 ) were added before 1 day of incubation. Urea and DCD were applied just before the incubation. Water was added to maintain flooded condition (5 cm depth) and kept in a dark room at 20 ± 2 °C with a relative humidity of 83 ± 3% for 30 days.
The soils were destructively sampled on 10 th , 20 th , and 30 th day of incubation. For mineral N (NH 4 + and NO 3 -) contents, wet soil was extracted in the next day after sampling using 1 M of KCl shaken for 1 h in a reciprocating shaker at 170 rpm, placed in plastic containers of 250 mL, and then filtered through Whatman® No.1 filter paper. Mineral N (NH 4 + and NO 3 ) was determined in these extracts by steam distillation in the presence of MgO and Devarda's alloy (Keeney and Nelson 1982) . A part of the sample was ovendried (105 °C) for adjustment of the moisture content, and results were calculated in an oven-dry soil weight basis. The rate of N-mineralization was calculated as the difference in the concentration of mineral N (NH 4 + and NO 3 -) ions in the incubated and initial sample (Hart et al. 1994) . Net nitrification was calculated as the difference in the NO 3 -N concentration in the incubated and initial sample (Hart et al. 1994) . The rates of N-mineralization and nitrification are expressed in units of microgram of N per gram of dry soil per 30 days.
To measure N 2 O emission, each bottle was sealed using an airtight butyl rubber stopper perforated by centered Perspex tubes for sampling, including a gas inlet and outlet equipped with a glass piston at times 0, 1 th day after the beginning of incubation. Samplings were done in the morning between 09:00 and 12:00 in order to minimize diurnal variation in flux patterns. Each time, three samples of chamber air were manually pulled into 10-mL syringes at 0, 30, and 60 min after closure. Then, the air samples were transferred to 4-mL pre-evacuated vials and fitted with butyl rubber stoppers. The N 2 O was quantified with Agilent Technology 4890D gas chromatograph equipped with an electron capture detector (ECD). The gas emission flux was calculated from the difference in gas concentration (Ahmad et al. 2009 Cumulative N 2 O emission =
) flux; i is the sampling frequency; and t is the day after incubation.
All data were subjected to a two-way analysis of variance (ANOVA) (N source and NI) using the PROC GLM function of the SAS statistical programme (SAS Institute 1996) . When there was a significant treatment effect, means were compared using Duncan Multiple Range Test (DMRT). Treatment comparisons were deemed significant at p < 0.05.
rEsults And discussion
The concentrations of extractable NH 4 + -N was, in general, higher in the DCD applied soils than in control, with pronounced differences among the N source (Table 3) (Zaman et al. 2009 ). In this study, the NH 4 + -N concentration in soil was the lowest for urea + RS and the highest for urea only, whereas intermediate values were observed for urea + PD and urea + CD application irrespective of DCD. Addition of urea led to a clear increase in NH 4 + soil concentration due to quick mineralization (Noguera et al. 2010 ). The concentration of NH 4 + also increased soon after application of urine compared to the control treatment, because the majority of urine-N consists of urea (80%) and easily mineralizable amino acids which undergo quick hydrolysis and ammonification to produce NH 4 + (Zaman et al. 2009 ). Soil NO 3 --N concentrations differed significantly among the N sources with or without DCD ( Table 3 ). The concentration of NO 3 --N was higher in soils without DCD applied than DCD-applied soils, and the range of values were 19.77 ± 1.32 -30.26 ± 2.02 µg•g -1 of dry soil and 17.86 ± 1.28 -28.34 ± 2.13 µg•g -1 of dry soil, respectively. The DCD slowed down nitrification from any day and therefore exhibited comparatively lower amounts of NO 3 --N in surface soil. Such reduction in nitrification is related to the partial inhibition of the nitrifying bacteria activity by DCD (Zaman et al. 2009) . A similar pattern of NO 3 -production from urea fertilizer coated with Agrotain, and DCD was also observed (Zaman et al. 2008 (Noguera et al. 2010) . Similarly, Malhi et al. (2006) reported that the in 15 -30 and 30 -60 cm depths. Other researchers also reported the accumulation of nitrate-N in the soil profile when an excessive rate of N fertilizer was applied (Guillard et al. 1995) . The soil NO 3 -N level in annual cropping system in northern Great Plains was observed to increase with N rate, and the greatest increase was at the highest rate (101 kg N•ha -1 ) (Halvorson et al. 1999 ). After incubation period, significant differences in retaining total mineral-N between the levels of DCD were observed for all N sources (Figure 1) . Average values for mineral-N ranged from a minimum of 179.26 ± 5.10 µg•g -1 of dry soil (urea + RS) to a maximum of 242.16 ± 5.78 µg•g -1 of dry soil (urea alone) without DCD application. Under DCD application, the average value ranged from 192.88 ± 4.41 µg•g of dry soil), and the lowest value (178.22 ± 5.01 µg•g -1 of dry soil) was observed for urea + RS application. The input treatments in order of descending mineral N contents were: urea alone > urea + PD = urea + CD > urea + RS. Due to the significant immobilization of fertilizer-derived N in the fertilizer + OM treatment, there was a negative interactive effect on the amount of mineral N with combining fertilizer and OM inputs. Urea is an ammoniacal N fertilizer which mineralizes quickly. Hence, fertilization with only urea led to a clear increase of mineral N in soil (Noguera et al. 2010 ). Other researchers also recorded the increase in inorganic N value of 88% due to 67 kg N ha -1 of application (El-Haris et al. 1983 ). An increase in net formation of mineral-N after N-fertilization has also been reported by Priha and Smolander (1995) .
Variation in the net soil N-mineralization was significant due to the N source, DCD, and DCD and N source interaction (Table 4) was in the urea + RS. For the present study, the ranking of N source was urea alone > urea + PD > urea + CD > urea + RS. Urea mineralized quickly (Noguera et al. 2010) due to the form of N as NH 4 + in urea. Other researchers also found that net N-mineralization was higher in the soils that had been fertilized with urea than in the fertilized ones with urea + OM (Arnio and Martikainenp 1992) .
Net nitrification was strongly influenced by N source, DCD and an interaction of N source and DCD (Table 4) soil (Di et al. 2007) . The N source increased the net nitrification with the highest value (16.26 ± 1.02 µg•g -1 per month) in the urea alone, and the lowest value (5.84 ± 0.42 µg•g -1 per month) was in the urea + RS treatment. It has been shown that a decrease of nitrification by DCD is accompanied by an increase in the immobilization of added ammonium (Clay et al. 1990 ). Across the DCD, the net nitrification rates were lower for the present DCD and higher for the absent DCD in all N sources. This result was at par with McCarty and Bremner (1989) , who found the effective inhibition of nitrification in 3 soils at 21 days using 10 mg of DCD kg -1 of soil.
Variations in the rate of the soil N-mineralization were significant due to the N source and DCD. The highest maximum mineralization rate (K max ) occurred at the 10 th day of incubation in both control and treated soils (Figure 2 ). The mineralization rate increased due to N source and it was the highest in urea alone and the lowest in urea + RS. DCD had no significant effect on the N-mineralization rate. These results are consistent with those of De-Zhi et al. (2006) , who observed that the mineralization rate increased rapidly in the 1 st week, then declined, and became negative after the 7 th week. They also observed that the soils treated with N fertilizer mineralized more N than the unfertilized soils, and N-mineralization increased with increasing N application dosage. Other researchers have also reported that N-mineralization was greater in fertilized soils than unfertilized ones (Forge and Simard 2001) . The N-mineralization rate during the incubation period exhibited a similar pattern for the N sources (Figure 2) . The relationship between the N-mineralization rate and time was best described by an exponential function (Figure 2) . The mineralization rate (k) for different times during the incubation period was determined by using first-order kinetics. By regression analysis, it was found that the kinetics of N-mineralization best fitted in power model (Figure 2 ). The steep of the curve (k) obtained by N source followed power model, and most of the N mineralized within ten days of incubation. This indicates that rapid N was mineralized at the initial stage of incubation period, which is associated with readily available C and N in the soil for microorganisms. As microbes decompose carbon, they use the liberated energy to grow and reproduce. Nitrogen is also needed for microbial growth, and, to supply this need, they will convert organic N into inorganic N. The labile C and N contents in agroecosystems can be increased by long-term fertilizer application, particularly by application of OM and chemical fertilizer (Zhang et al. 2009) , and hence contribute to more mineralization. Management of mineral N fertilization during the cultivation of wetland soils might have changed the composition of soil microflora and ammonia-oxidizing bacteria (AOB) population size, thus influencing mineralization (Jin et al. 2012) . was recorded in urea + RS without DCD application. Such an effect of residue application on N 2 O emission is in close accordance with previous reported results (Baggs et al. 2003) and was attributed to a more rapid release of N from the PD treatment resulting in the availability of N for nitrification and denitrification. When DCD was applied with N source, cumulative N 2 O emission was decreased by 24.18 -32.55% (Figure 4 ). Based on cumulative N 2 O emission with/without DCD, N sources showed the following order: urea + PD > urea alone > urea + CD > urea + RS, because soil C/N ratio is an important parameter affecting N 2 O emission (DeDatta 1995). Among urea + OM treatments, N 2 O emission was low in urea + RS, probably due to a high C/N ratio (97.59:1) and consequential immobilization of available N. Higher N 2 O emissions were recorded following incorporation of low C/N ratio (11.43:1) of PM treatment than the incorporation of high C/N ratio (97.59:1) of RS treatment (Das and Adhya 2014) . Generally, N 2 O emissions are negatively correlated with C/N ratio of the incorporated residues (Huang et al. 2004 Figure 5 ). Incorporation of crop residues provides a source of readily available C and N in the soil and subsequently influences N 2 O emissions (Huang et al. 2004 ). The increase in N 2 O emissions following different types of OM application observed in our study is consistent with the study of Zou et al. (2005) , who reported that the incorporation of rapeseed cake increased N 2 O by 17% and wheat straw incorporation decreased seasonal N 2 O emissions by 8 -19%.
conclusion
NI with OM and urea influence N transformations and N 2 O emission. DCD with OM and urea enhance mineral N contents, and the highest amount (255.07 µg•g -1 ) was for DCD with urea application. Throughout the incubation period, the highest net N mineralization (213.07 µg•g -1 ) was recorded for the application of DCD with urea, and net nitrification (16.26 µg•g -1 ) was recorded for the application of urea alone, but the highest cumulative N 2 O emission (5.46 µg•g -1 ) was in urea + PD. DCD alone decreased N 2 O emission in 24.18 -32.55%, and DCD with OM decreased N 2 O emission in 24.56 -43.59%; the combination of DCD with CD and urea was more effective in reducing nitrification and N 2 O emissions. These results suggest that the combination of DCD with urea + CD may be the most potential combination to reduce nitrification and N 2 O emission as well as N loss from acid sulphate soil. Future studies under field condition are needed to measure the effect of DCD with OM and urea on mineral N, net N-mineralization, and net nitrification to better understand the underlying mechanisms of the effects of this combination on N cycle.
